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(57) Abstract: 



semiconductor. Thereby, the title laser can be used in a 
short-wavelength region from an ultraviolet region up to 
green color. 



PURPOSE: To stably oscillate a short-wavelength laser at COPYRIGHT: (C)1 994, JPO&Japio 

a low threshold value by a method wherein a 

quantum-well structure provided with at least one 

quantum well in which a well layer has been sandwiched 

between barrier layers which are nearly lattice-matched 

to the well layer and whose band gap is larger than that 

of an active layer is used as the active layer. 

CONSTITUTION: The title laser is provided with a 
quantum-well structure 10 provided with at least one 
quantum well in which a well layer 11 composed of a 
Ga^a^lngAIbN (where 0sa<1 and 0<b<0.5) 
semiconductor is sandwiched between barrier layers 12 
which are nearly lattice-matched to the well layer, 
whose band gap is larger than that of the well layer 1 1 
and which are composed of a Ga^.ylnxAlyN (where 
Ossxssl and 0sy^1) semiconductor. In addition, a 
sandwich structure is formed in such a way that the 
quantum-well structure is sandwiched between two clad 
layers 3, 5 which are nearly lattice-matched to the 
buffer layers 12, whose band gap is larger than that of 
the barrier layers 12, whose conductivity type is 
different from each other and which are composed of a 
Ga^p^lnpAlqN (where 0<ps1 and 0<q<1) 
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[Sf^Hl] Ga,..., In. Al„ N (O^a^ 

F**y7&±gUG a,.,., In, Al, N (O^x 
£1. O^y^l) ^W^^SAUTlTWci 

n^tiMI2/N* y7rItB «*&TS-g-T 5 £ # KMf/t U 

SSSGa,.,., In, Al, N (O^p^l, O^Q 10 
^1) ¥«fo&>SfcS^©*9y h'STWISS^F 

T tf . 

[|f*^2] If im Ga,..., In. A 

1. N (Ogm^l, O^n^l) aMMfefcTJfitifcm* 

In, Al, N (O^x^l, O^y^l) 
■T*»rf#FS[*MH*l'— !f. 20 

im#i%3] m&mnz&^-z. a^Ga,.,., in 

« Al, N (O^c^l, 0£d=£l) tS^Ga 

In, Al, N (O^x^l, O^y^l) tfr 

% is. •& ¥mm<$sM tzmm s nr^mm.^m^m b , 

[0 0 0 1] 
[0 0 0 2] 

[fifcfc©t£ir] ¥3»^T©-?-C*«¥»<*:^— tf 
(LD) M«*H«3nT4SD. fi^SttPCiS^Tttfl! 

[0 0 0 3] #J*«ft^X^3?©ft^Cffl^e>n£>G 

a a i As¥m&u-if\tz\<Dm~zmv)\znmv, mm 

itZtlTV^Z,. dtlte, GaAsMWGaAlAs 40 

^m&ls— +F©^Slg&fi«7 8 0 nmd«'f''C?T*0, £ 
O^T«7 0 0 nmPiTO^StftCl — if©fSS«E 

[0 0 0 4] 

tbTWSSntM*. **M«-«fi¥»#V— tfib 
Ttt. ZnSe, ZnS, G a N^©<7-f K/\*> F¥-V 50 



#W¥6 - 1 6 4 0 5 5 
2 

[0 0 0 5] -2r, !fffl©**{*t»ffll 
A>U tfJB©»flS&£bTtt*lfo^ft<, b 

»STr**»wa»/aanTv»ftv%. sfc, tf©« 

[0 0 0 6] aWJUAJRWftfefVJfcjB 
Sfi^MHfcV'— tf tbttt. Al.., Ga,., N/Ga 
N/Al,., Ga,., N#ififc:fcV*Tgi!Sl'-1fK:<kS 

3 9|BMSffl<tb93fc£2 8 p-ZP- 1 1) . b^U 81 

[0 0 0 7] «^*^ffi^t^:-5»$©fiT# 
F&ef£etbfcfi?#FS¥^l^— tf«. /tn^tt 
««Dgtt**»&fc* 1 N*#l'-- tfitfcttbT, ©b#V> 
tt> «ffi^7S:f©Snfe#1t*WbTV^*^ 

[0 0 0 8] *fgWS;i©«k3fc<HffK:M#-, *5*UW~ 

[0 0 0 9] 

[sgjS£S?fc-r5fcJ6©^g:] mcawfearirr*** 

99iCll(«S7#F9I#V#l<'— !f«> Ga,.,., In. 
Al, N (O^a^l, O^b^O. 5) *£m#fr£>1s. 

R#PIi D t>/t> t y ^*SliG a, ., ., I n 
, Al, N (O^x^l, O^y^l) ¥SH*jfc&fc* 

#rm& * w b , ^-n^tistrtH/N* y 7 r ■ t e isftfi 

frOSVXCaHm^gfc-SGa,.,,-, In. Al, N 
(O^p^l, O^q^l) ¥m.fcfrt>tzZ>--D(D? 5 

[0010] ifc, WIS«J5£(r^ViT. Ga,.,.. In 
. Al, N (O^m^l, O^n^l) ¥^#:»CTHIS^ 
m43,ktfn ©'>;&< ifc-^Sr^t^iirT^Wlcm^ 
Ga,.,., In. Al, N (O^x^l, O^y^l) 

iS± CtEHBif > K -f v M/fimOi s nx ia-S J: -5 b 

[0 0 11] f}|B^fi£lC*5ViT. M^Ga 

In, Al, N (O^c^l, O^d^l) tffi. 
*Ga,..., In, Al, N (O^x^l, O^y^ 

1) £ft*>t£Z¥&m<&s:\zmM-$nitzm&?mm. 
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[0 0 12] 64T> *&WZUMiz3iBJl?Z>. 

[0013] &ftm<Dm : ?#7 s m¥m#u— tfic^x 

Z.ttfi-eZZ>. Ga,... b In. Al 

„ N (0£a£l, O^b^O. 5) 
FSK:£^Ta43J:tf b<D4>&< £.h~Jf<Dm&m%\Z 

£> InN©2. 0 5eVd^AlNO6. 20eVS 10 

zfrnztzzt. mmzmffi&ix&ft?z£&-5imtt/* 

ttJl©¥SJI#©A>b'**-/y©;*;#2«, 2. 3eV 
^<S>5. 0VSgt#K.en5. bfciibT, *IS93© 
^gfl^— tf^«Stfi«5 4 0 nm *6 2 5 0 n 
m GJgflO 20 
[0 0 14] *^©¥#^p-if©#FSWP$«, 
1 0~3 0 O^^T. hn-A©3effll~&& 

fa t A. £ ffl C&tb (b ttfc ^fctb \z$&m b £ mimfft^f 

b#VMI«SSt&gfc;*:£<&oTb£U. #J::»£b< 
fcV^eT&S. bfcd*oT. #Fiofsaio~3 
o ot>^D- Ao$eHir*scit*w^b<, 

3 0~2 0 0^>^ hn-AOlil:*5C*W$L 30 

[0015] xftmo^mfru— »ftr*i^T«. #fh 

MWVhS^Ga,.,., In, Al, N (O^x^ 
1, O^y^l) ¥i^e,&5r^OA-U7fC#F 
Jf£&A/T?gT#F£#ij£bTV>3. *mm-Zit. Etc 
^ffi*^ ft 5 #F@ *3 «fc tfA U 7 JgT?&T#F * »jsK 
M#©te^$£&£ti;t3;^b< b;fro£A 

[0 0 16] ^^5SS©^S^CiLTf^.H * 
^©^jfi-r«Mx.«c«|©+&T^fiA 1 NC94. 9 
8 0*>ifX hD-A^S I nNCD5. 7 0 3t>^X 
hD-A*T^fb^itSvli:^T?€-5.. AlGaN, G 
a I nN^A 1 I n N©i 5 ft=7G?&2iii-C«, 

&fi8iUtrr5c:i:#-e£-5rt*. z.(om^\zw^)7mt 
#Fi T0fl©/N' > H * f «y ycD« £ <h 5 £ i: *>*T % 

b^U Ga I nA 1 N©J:-5&IZ37C^iSI&£fflV> 
•5<h. =7C^Sa©«-T?«T^7iC^ofe#F®t/S*U7 50 
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M £<D&T&&i3J:ZfMm<Drt> K** y y©^£ 0 . 
3 eV&±\Z?Zt^?3k{ l t*:mm\zm&2-£Z>Z\t& 

[0 0 17] bfe*^T, *%?10^^1/— tf^^fig 

moMZfrfe-rz, fit. CincJ:0#F^i:R»r^ 

[0 0 18] #FStA'U7^i©*&^^cM 
«/h3 W*ltf/h$ W3: £«k < . ^-©&Mte»£ b < 1 

Sr^=k<#FS4'lcBBi;iia6Sfcje>tc«. #FJS©A 
> t 7Sn'J 7I©/\*> h'^t 7/«t 5 0. 3 e 
V£Ui/h£ bV>. AU7Jg©jg|JP 

«. nT*mu&tt>z>rzsf>\z+ftti:mm-z&niZi:< . 

f©SStlTttl 0~5 0 Ot>yxhP-A, 
b<«3 0~3 0 0*>?X hD— AT*n«J:Vi. 
[0 0 19] *%^IC*5^T«, ^Fe^iOJAUT'Jl 

[0020] z.z.-e. fi^#F$ift#> 

/u-C-9->H*-1''V^«iifi*^-r5Ga I - p -, In, Al 
, N (O^p^l, O^Q^l) m&m^t£Z>i7?y 

nnMipS^©iiS©SI», *^t'J7^c 
<. ^©&ffi«»£b<lil %^T, $5.lc$fSb<« 

siSfcfetr, ^77^ KJS«i¥£te0. 5-5 Mm, »i 
KUl~3(tm$n«J:K ^«S©$iJffllttG a 

In, Al, N (0£p£l, O^q^l) 
#:*^1-^<i:#»C^ijii£%*K-b!>i7'bT, pli&S 

-5. pSK-tf>y©^FM#l©0iJi:l/T«Mg, Ca, 

Sr, Zn, Be, Cd, Hg, L nSK 

-If >y<D^M«)©^IibTttS i , Ge, C. Sn, 
Se, Tem*&Z>. Z.n*><D h*-A> 

t'J7MS^^Ci:^T§5. i©»#, nS*5 
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-5. u— tf#£©;|ijI»J8l©fm&fc:/?rJ£©iI 
©<h&5. 

CO 0 2 1] *?#F*JSfrSfcSffittJi**5v Kg 
Tr»M2tf>F'fv^«ifttt. £«©±l;ria»lc* 7 y 10 

[0 0 2 2] SSKl, *5MBfcJ3V>Ttt. Sffi-hKlIttig 
ft « v»ttrt 'y7r S*i«Effl&©«£ft;«i*¥iSft« £ J§S 
^Lfc±lC. Ga,.,., In. Al. N (O^m^l, 
O^n^l) A^&MoftiWSWGa,.,., I 
n, Al, N (O^x^l, O^y^l) ttZZ>£.5fc 20 
aj*«tt#J6*»J*U £©±KiWfB-tf->F-f yf=-*jft 

8Pt;LV>. i©«J«««H»J6tt. ttGa,.... In. A 
1. N (O^m^l, O^n^l) ©SflJ^S:*ffifl!l*^ 
KB#m£J:tfn ©4>ft < <h fe-^©«*^bSiirTTSB 

t?3g'fbs-a-fc'b©iffts. c©J:5»ci!aj**^bL/TVi 
^/jN^</«t^TVi<^frtt^©±it^$n-5|gJ?ir 

tt, E©±te»J«am*JWIfctt^«aj&»«<. fc 

*, 2*S©**M*ifi*flv>*rt»tt, 2%S**JWI£Jifc 
ffUHTS £©<fc 5 fSJ&jj&tisis < T?#«^{CioTSt«e> 
ft«J:^. *&, £©«fc?fcmj£«##lifiJite> 
JPSOGa,-.-, In. Al, NfSIM«S:»3 

In, Al, NJB©aj«**fl;a-a-fc«JBtbT 

[o 023] *a«©J:3ftttjMUiMft*:?«z:&e 40 

*^©S^*«»bfc*Jtt***««iJIIB£fc 

S*t#5dt*«T?#S. £©*^Jg£MftifiJI©J*3£b 
T«5 0~2 0 0 0 Ot>^hn-AT**utA»» 

ttKt^Eji&nr, — 2O0OOt>^hn- 
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ffft£&l3*m*tdk* 0 *-#<5«©ffllHa«£r*©T?# 

[0 0 2 4] SSIC. *$B9!fi:J3V»Ttt. £4K±£tt& 

dcbfc±fc, j&fiSG a,-,., I n e Al, N (0^c^ 
1, O^d^l) t38.s8.Ga,.,-, In, Al, N (0 
£x£l, O^y^l) frttSWHttfiXKliZmmiS 
*ifcffiB»T«lja*»*b, d©±(rWIB-tr> F-f y? 

tmtdiGa,.,., In, Al, N (0£c£l, 
O^d^l) ta^Ga,.,., In, Al, N (0^x 

o^y^i) £*tt*&¥mt*mma!)Bistt* 

Vi. &Jg©JP£a*l 0^->^X hn— ft5V^« 
3 0 0^->^7. FD-A<&@x.fc«-&{r«« Slj&te^© 

H©J:3;fcffiB* : 3 t #l$S© 
CTmaftfittCH&SttfcVvflit. 1 oj^±-e*n« 
«fc<, &»£"r*ettJi©fcJ5fc-*>*5v FSOia^l? 

[0 0 2 53 **Wfc*V>T«. SfiiLTH- 

7., K*"-f »#5.X3S©:*f5.*-S». G a A s , InA 

s, i npoiaai 1 1 -vm{t&m*m#. zns 

e©«fc3& 1 I -V im^m^m^, Si-^Ge©,fc 
5 S i C, A 1 N, ZnO, MgO, U" 

7j"ft (A 1, O, ) , (SiO, ) . T i O 

, , ZrO, , S r T i O, , LaAlO, , C a F, 

[0 0 2 6] ^©^T. tlttSfib&J:5a:*iejia6«fc* 
V>T. *«±ICiS^figf SS'fb^^¥^«s:© / >^< 
fe-^O^JgRoagRffif**, *ISil£«©te^»© 

l/V>. H©«t5^B*Wr«*«*f#«73fetbT 
«. *feS*S©jgS^:S&S«(6tUT, Jind^^rS 

isitt©»Kft»j«UT, aflsttR^JUfroflffjeR©* 

^»|g©*&T^©Sg^<b5%^T©5 7>v 
[0 0 2 7] *9g9lfc:«fr>T. «Tp#F*ifi^6tt*jg 
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v»n«J:v». d©+^<y;/Ji©BIJPte 
wcHjEsnttv^anrtto. 2~i o #m©*gHr* 

tt*III&©H:feiH)/hSfcA 1 , In, Sn, Al-In 
-a^, Al-Sn^, In-Sn^, A 1 - I n - 

■CtittWISO^iftAu, Pt, Pd, Rh^Cin 

i:Ni, w, au, Ag, p t^iD&m&mmvTmm 
comma. »#>-tV >if&<z>fa±. j $><7'( j v— -fcyfj 

[0028] p-iftUT7ie©}sjgfpffl&iij#-r 

*©«BH*EJtHrfcbTflIV»*l«J:<» 3£tC, SS®£ 
fiiSttO, &mt><D\s— -#©SS® 

•3Tff-5Jli:*«T^, tf»tbTtt, a-Si, SiO 
, , S i, N, , A], O, , TiO, , Ta, O, , 

$4m&2Z<k21tZ>h<D-C&K>> £ftii=k 9 if ©*# 

[0 0 2 9] #»E©*T#Fffl*'»frl'--!f©*jB© 
WilTli Hi fc^Tct5^m-S^#F*ifi, 02 

HI. 02lrfc^T, 2 ttSai£«fcM*iSJi, 

3ttT«£5yl*Ji (nIGa,.,., In. Al, N; 

o^p^i, o^q^i) , 4\zm-miir#f s mm. 5 

«±gB^5-v K» (plGa,.,., In, Al, N;0 
^P^l, O^q^l), 6Wlyi"<— z/3>m. 40 

7, 8»««. 9 \zmmi£m&{£<tom*&ftm, ion 

[0 0 3 0] *5B?8K*V>Tttj£5.M»C«i:i;T, U- 

x miF-\z «k o Tflwu-r -s z\ 1 1> pitg-c* 5 . 

[0 0 3 1] *&mG>mrF-#W&¥&&l'-' 9 s © 
©-elites. 

[0 0 3 2] *»*K*V>Ttt. Zfc 

^mmmmo^m^mtvx^ cvd (chemic 50 
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al Vapor Deposit ion) ?£> MOC 
VD (Me ta 1 organ i c Chemical 
Vapor Depos i t i on) ^7V-XM 
BE (Molecular Beam Epitax 

y) mm&m^z fc^TfewaMb-e-w* 

[0 0 3 3] J^T. ^7.y-7.MBE)StCi3^T, 
S^ttS^tSft^ifeO^V- XtGa*5«tUCl n 

GalnAl N^¥S#^ £ft£«/I«j££f£MT&:*f 

[0 0 3 4] z\z\-c, g.mztt'tzXxVKk-erVotL 
Ttt, 7>*:—71JX, br i 7>?>', 

^XttTB. iifilfcioft^*^, 7;Wrf 

ffiSt®tCi5WTGa, In, Al§OI I lS7C*©ft 
5^W^to«l!(iti I I JStc^©«S&M J; 0 /Jn 

s<&st, ^-r«.*^e.©^©fttt*^#<?5: 

fb^©«*&fi«H^V-X«fcD 1 Ofe£K±. ffiK 

mootteu:. $e>jr»su<«i 0 0 ofg^jijc-r 

*©*«J:V». gp&£#*rs;tfxtf{b^©#y&;£fe<i: 
;P5t\ X^>l^7.^:i:© , ^S:*«®tcMPa5^ 

g, ffia*[«e««*ifrr*£ tic* 0 ««&«©«»* 

ftttQHtt • #±£fT?£<h£T?i§?5«k?lcL*: i fe©-C 
&-fz>tt#>\zft£.ls^hcoffe2>. ?7v*>ifl37.±. 

)Vtit, f&1&<D&tET\Z&^T7> : E=.7JlX, = 7y 
{bftJK. tH?f>, -^fJH:K7y^Ml/. 
5?&^«fc<®'(t<b-tt-U«&^ ! b©T$.oT. MltLTT^ 
5-?", ->U7J, ^b*r7^, K{b4r-r*©J:5a:-fe9S 
* X fcitt&tt** W4*JLRttfc bTail^^f < 
f*c:t*«»*U^"b©titt*. ^7y*>y©iSfg« 
tt^oaS^T^^-T^X, =7-y{b^m, hK^i? 
>, >?^^;>t H5v s >l?©PSSS^tJ;oT^x.-5C: 

t*«i{&KTr***«. ioo~6o o < c©«gHi'ia*T-S) 
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ElCifci&'f -5 Z. £ "bnJteT* 0 > 7>^~Ti3 
[0 0 3 5] Ga,...„ In. Al, N (O^m^l, 

0 ^ n ^ i ) s ft:*iari6«««afefp«-r*^ 

SibTH «*.«, Ga<0!IB!lS-«l:I/Ti«. 

1 n-^A 1 ©&3BS£3t«iS«K:g*.S:*rte, Gailn 

tciHi^-£i:bT*t. a i ojunsftxtmtc 

£©^}££if&*^fci3:S£tfc^lir?&5. 3 SKI, I? 
3 £>&B":*:>-yx ha— A©j9rJ£©*&*fca*5fc 

SGa,.,., In. Al. N¥»#MR£, G a. I n 

[0 0 3 6] XMBEffilCfcDG aInAIN 

^«fls»«*fp»-r*5^Tr. i i i*7c*ta*ft-sr 

IC, RHEED (Refractive High E 
nergy Electron Diffractio 

* am* * e t **» u & # skaa *tr ^ ©aw $ l 

[0 0 3 7] «T> — M<hbTT> ; E-T^f7. : &ffiV^c 
^V-^MBEj*KJ:DfP«U&G a I nA 1 N£¥ 

[0038] setbT«> *s#igrtic» mtrnfry 
ira&*;i'^3.fctfrafi«TJf »#•#?§§, rhhed#> 

*±tfRHEED^^U->*«l^.fc^V-7MBE 
[0 0 3 9] lMJ^*l:BGa, In, A 1 © I I 

i MR^xn, ssibc* its i o 1 1 ~ i 

0'Vcm 1 -sec \ZfcZ>m&\zmf&l>t£. 

tftltSi^tSfib&i l§A««S«*®K*>^T 1 
0"~10"/cm' • s e c lcfc£> «fc3 KJM&bfc. 
£fc> ffi©^M;W^*ICttMg, Ca, Zn, Be, 
Cd, Sr, Hg, Li*OpSH-A/^Si, G 
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e, Sn, C, Se, T e?©n§ h*-/\*> h£\tl, 

m-£<D&ii&m\zi3.z> =t 5 jctas* «k^«#s»*iw * mm-* 

'fJRISffiib. 2 0 0~9 0 O'CtCiD^Ufe. 

[0040] 9 o cc-eiDg* 

»fj£©js«fi*K:Rj£u i i im&m&xn 
ftm&mfry&ou&ZfftfevmmizmfeisT o . 1 ~ 

3 0t>yxhO-A/s e c ©figgiSST? 1 0~5 0 

0 0^->^XhD-A©J?^©ii5iH[^tt©Ga I nA 1 
10 Nll^StS. « WT, aMKEftttOG a I n A 1 

NKK±ldKJV0. 5~5/imfflnS*gSGaInA 

1 N«K*&fc-&T«*5v F«*. ttvycfflWO. 0 
5~3 /im©T8B*7y KltllfS^tS^ftGa 
I nA 1 NjilfiS, $ £ fclRjP 0 . 5~5wm©p 
^igflGa I nA 1 N«Ra»6fcS-h«*5s/ KM* 
JWSU P-1f£l©«Jf»II£feSJbfc. 

[0 0 4 1] #v>-e, l*»i«KfcaOT;tlDlXa-fe** 
Ht*itCJ:-t). ^©^SrSifeSttfetcmjE 

tttn -r^->5 u >y, ECRiff>y, s^tt 

fc#$e9!K:*V*Ttt, ^:#:|gJ¥^/h$V^fc46{r^n^© 

tSfcWiitbtttAl, IN, Al-Sn^, 
I n - S n-g-^, A 1 - I n&<&, A 1 - I n - S n-& 
30 *fls*X, l!ft<>'77A, SEftxX-ifbOi' 
ttfcStt. fSJibfcGaNtZnSe^US 

[0042] ^©ip^*j*ic«kO#enfc^xyN*^ 

£JBV>TE*U *a»*I^— !f*ftWS. 
[0 0 4 3] 

I3TTS. 

40 [0 0 44] 7> ; E— TtfX&m^frtfX 

y-7.MBEtetCJ:0, •tJ-7r<TStS±CS5iHl6]ftG 
a I nA 1 N/Ga I nA 1 N/g^#F«iS/Ga I 
nA 1 N«i£frSfcS¥!t#P-- if£fe8Sb£W£OV> 

[0045] ii i*!«©3is«fflji'5/#K«. tn^n 

Ga^MAniOOOtlC, In^KSAtl9 0 0t 

AlMSAm 1 0 CClCflUKU/ifc. 
I c tt SB IZ 7 ) U 5 7 r -f A* £ # * b if 5 y * > ^# 

^•fe;u*fl£fflb. 4 o cctcjn^bT. ^x^iE^irs 

50 mztyttmi Z> ck 5l:bT5cc/mi n OiSflETf 
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Lfz. Ifcfc. S« 1 t lt« 2 0 mm^ CD^cf S 

Jt&S»rt©ffi*tt, «WC*V>T1X 1 o-'t 

0 r r ~C$>-?fco 

[0 0 4 6] *f, 36«1*9 0 0"CTr3 

£>, Ga, I n43«fctfA 1 Oi/f^SIlt, 1. 2 :* 
>i^X FD-A/s e_c ©j3UjBfiAT«lJP5 0 0 0^> 
£f7.ha-A<Z>B5IElSHf Ga 0 . In,.„A 1..,, NI 10 
2 *#jfcU l*V»T-*©±.;m« 1 0 0 0 0 ^->^X h 
D-i,OnPli|Ga,.„ I N,.,,A 1,.,iNW> 
6»:*T»^5y HJ13ft»j«"r*. «V»T. IRJ¥ 1 0 
0t>^hD-A©Ga,. t . I n,.„Niarici^S5 
1 tKJ¥8 0t>^hD-AOGa,.„ I n 
o. so A 1 o. 1 1 Ni^e&5A'J71 1 2 1 0 

E*8©#fifiT#Fflli6 1 0 (H3#flg) 
S*^«TS. Ga^fflJW^/ii?^ l 0 0 0 

"C, I nMW**9 0 CCtL, A 1 I^fflW 
jRS: 1 1 0 O-CtU ZnI5lffiJ^#$2 10ti:L 20 
TZn*H-e>^L-fe|gPl 0 0 0 0*>^hD- 
AOpIfMGa,.,, I no. to A 1 ,. Nm.f8.fr <Z>U 
Z>±M>7 7y KIS*»*L-TGa InAl N/lf# 
Fmm/Ga InAl NfcjfiSffW*. 

[0 0 4 7] ^cv^-c. SSfcffliraiyp-tr^fcSfflT-scit 

^->OfPtt*J:IfiB»iC!>»riESff'5llfcRiJ;0«« 30 
/^->©Jgjifc£fTofc. iSKUT, itSiEfSlteG a 0 . ,, I 
n«. ,. A 1,. Ni2±l:ftA 1 ftZfcZnm? p 
i^AGa,.,, I n,.„Al,.„Ntl«*6S:51f 
)<■ 5 Clill 5 nmOA u* liX h 5-f 
7° 8 My a >m 6 S^bTKfiilftfcJ:? 

7*- l>— tfSrffMKLfc. 

[0 0 4 8] toi/— y©*^#F*iS»'a*^— trie 

J:**aiB»-BV>»4««ttAlcJ:*afiSff 5 £ tic J: 
0. fcfrg.mum~#^T&Lg^m-Z4: 7 0 nmCl/ 40 
— !f3SS£«BL;fc. 
[0 0 4 9] (HMM2) 
y-ZMBE»;J;D, *7r-f T*«±lCGa I nA 

1 N®.i&mmmmM/G a i n a 1 N/mttwmm/ 

GalnAl Nttj^&ftS^ffels-iffcfPKUfcM 

[0050] ii i*ffl©3tn»ffl;uyj|?Ktt, ^-*ven 

Ga^JgSAni 0 2 0tt < I n&JH£An 7 3 0*C 
fc. A l^MSAni 0 4 OCttMNtLft. #7©iSA 
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7-tr;P£<£fflU 4 o o'CJdiD^UT, #7£it8H;:S 
SCl?>C#ftW*J:5CUT5 c c/m i n©3£«T#y& 
L/fc. SSlitTU2 0mm^(5^S©t7 

R#IC33HT1 xiO-'Tor rT&ofc. 
[0 0 5 1] *r. X«l£900'CT30 tfffliO?* 

£>, STGaCD>'^y^<7)*SMttTl 0^§j$t, 
tt^TIn. £«fctfA 1 ©S^v^SMtt, Ga©|i 

ffl^yjRotaftfa-jfeaflE-rTif , — * i n t a i to 
it*«T±tffc**s 1 . 2 :*> 

^7. h P— A/ sec COfigJK^T^J? 5 0 0 0 *>7* 
7hD-A©GaNA^Ga,. ,, I n 0 . to A 1 „. ,, N<£ 

mmmz®.mtfmkTz =t 5 ^m^«^«3t® 2 

-f-5. -^©ilcfllJl 1 0 0 0 0t>^7hn-AC5nI 
4M6AGa.:ii I n,. AL,. „ Njaj«^6!te*T«^ 
77 KB 3 . m^X. m& 1 0 0t>^X hD— A©G 
a,. 47 I n,. (1 NWf.^#FIl 1 t|gJ¥8 0* 
>7*7 hP — A©G a 0 . I n,. ,, A 1 ». ,, NMA^ 
&5AU7I1 2a>$£tSl 0S»3©#-SfiT#F*tjS 
10 (0 3#® Zn*H 
-\^>ifVttmm\ 0 0 0 Ot^hD-ACDpf* 
*5ffiG a.. , , Iiii.mA1i.ii NH8.f$.fr*>t£Z>±ffii7 =y 
y a I n A 1 N/MT#F^jg/'G 

a I nA 1 Ny^^P^ifi^f^M-r^. 
[0 0 5 2] SWU0l7ntX*Mt5Ci 

ff5. yyy 77^-^p-tzx^bTtta^©7* 

-^7 h*m£fll<A-57"P-fe7. ; £gg;fiU X>>^>^t 

fc. |«V»T, ffl««M112l:liA 1 *->e>ft£«® 
7, pI#MIGa,.„ I n,..,Al,.,,Nfctt«5tf 
mOAuiIXF5-f7'8 ->^— ->a >I6$^ 

[0 0 5 3] Z\<Dls-*f<DM1r#Wm&\Zg.mi/- J tf\Z 

0, ft«c^5SSSc!fc*ViTeL#V>ffiTr4 7 0 nmfDl/ 

[0 0 5 4] (HJS0IJ3) 7>t-7^7$fflV^7 
y-7.MBEffilC.k0. ■*77-f7Sffi±CGaInA 
1 NffiMWJWM/G a I n A 1 N/*P#F*iS/ 
GalnAl N^T/^'x-Pfltigfr 6te*¥**l>— tf 

[0055] ii i mmomnmivyftYzte. tn^tx 

Ga^S*Ani 0 3 0'CC > I n&JS£An9 3 0 V, 
\Z, A 1 ^M^Atll 0 3 O'CICiD^Ufc. ^7©iSA 
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ffiCP*C##tt-5«fc5»CLT5 c c/m i nCDSigT&IS 

tf^fc. X£SSgrt©JE7jte. jfcJRttCfilrvri 

XlO-'Tor rTJofc. 
[0 0 5 6] sr. *« 1 * 9 0 o «c-c 3 o &mftitt 
U *V»T6 5 O-COfflSfcft^bfigJK^ffP. fmSZ 

£. Ga, I n*5«fctfA 1 ©->^y^*M^5^PW*ffl: 10 
j*»c-&to*TM»U&*«6. l. 2^r>ifxha— a/ 
s e c ©fi£JKi£ST^-n^ft^J¥ 8 Ot>^hD-A 
OGa,.„ In,.„A l...oNi^J:^l98 0*>J? 
^hn-^Ga,.,, I no.., A 1,.,, NB*3gStC« 
JlLfc«tii£ 3 0 £ffifft?*|jfij| 1 3 &m 

ICDll:, Ga, I n*5£tfA 1 ©v'-ry^S: 
HW"T\ J¥3 1 0 0 0 0^->yxhO-A©nS*Li^ft 
Ga,.,, I n.., T A l,., T N|&j*jfc&a:*T**5v h* 
S3. fi^ViT. BIJPl 0 0^">^X hD — ACDGaNffl. 
j£fr5fc3#FJSl 1 <hJKJ¥8 0^>^ hn-AC9G 20 
a,.„ I n„., e Al 0 . IO NmfiK*^7i5/'«>JTSl 2A> 
^ft5 10i»O#lif#Fiil0 (0 3#M) * 

#r*«tt««»j«r*. ssk. Gam&m)\>y&* 
1020^. i nm%m)\>y#*7 3 o-c. a i m&m 

;k>#$1 04 0t, ZnMW*2 10 , Ctl 
TZn$rh*-tf>yix/tKJ¥l 0 0 0 0t>^X hP- 
A©pS*eiGa,.„ I n,., r A 1..,, N»J5fe&»&fc 
511^7 7 H® 5 SMl/TGa InAl N/«?# 
F#tffi/Ga InAl N«ltfflt5. 

[o o 5 7] ^cvi-e, aaffljnxyp-fexsjifflrsii: 30 

ICJCD. Slfp/^— >©ffs»fe.fcr«t«7. 8©Jgfifc& 

*J:tfl6Wi©»j«*fTV», «ffi/^->©J£j5££fTo 
fc. «V>T, SliB&TfltiSJi 1 3»r«A 1 A^fcSttffi 
7. pWMSGa,.,, I iii, 11 A l..,TNttJ56*»6* 
€.±SBi7 5 y 5 1C«@ 5 n m© A u h 7 < 7 

8 £/^y->^-; / 3 >/g 6 *^bTKSM#^lCJ:^T 
»J*U hbTH5lC^rJ:5^§T#F 40 

[0058] y©«^#F«jatca*^— tfc 
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[0 0 5 9] 

t«W©»*] *58«OP-1fl*. Ga,..., In. A 

1 b N (O^a^l, O^b^O. 5) S>fc5 

fc/OH^ty^f&Ga,.,., In. Al, N 
(O^xSl, O^y^l) *t#*6a5AU7iTJ 
^fc*S^#F£'>fc< it>-"3#r<5*F#F*5B* 
fSteJfiir-S^KcfcD. 5S*bfc«b*V»ttT«*ft 

£Z-z>z tifi-v # * fc©ss^~»e© v— tf c: t 

[0®©ffiitifegi9i] 

[El] colf#pS^S^l/— tf©-Mi UT 
©¥-M^#F l^-if ©W b fc«5£0-e& 

-5. 

[0 2] *«W©*W*l^— !f©-^JtL.T©#fi»T 

[0 3] *%^©¥^I^— !f©*SST#F«iS©- 

[04] *^©^##:k— tf©-0tJiL,T©#fi&T 

[0 5] i^— tf©-MtbT©^fifi^ 
#F k— tf © Vr B filB b fc«5£0T? « -5 . 

1 

2 &/£{KgM*&/S 

3 7^5^^! (nSGa,.,., In, Al,' N 
(O^p^l. O^q^l) ) 

4 m-m^ttwmm 

5 ±8B£9yKS (plGa,.,., In, Al, N 
(O^p^ 1. 0^q£ 1) ) 

6 /tyv"^— ->3>I 

7 «S 

8 ftff 

i o #sst#f*j6 

11 #FJI (Ga,.,., In. Alt N (0^a^ 
1. O^b^O. 5) 

12 A*'J7I (Ga,..., In. Al, N (0^x^ 
1. O^y^l) 

1 3 &m&Tm&m 
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